All manipulations were carried out using Schlenk techniques [1] under a purified N 2 atmosphere or in a Vacuum Atmospheres drybox. Solvents (spectroscopic grade) were purchased from Aldrich. Dry THF was prepared by passage through a VAC drying column. Acetonitrile was dried with CaH 2 , and then fractionally distilled from CaH 2 under N 2 . Acetonitrile used for crystallization was vacuum transferred from P 2 O 5 . n-Butyronitrile ( n PrCN) was dried by distillation over CaH 2 . Dry solvents were stored under N 2 in Straus flasks. Cobalt(II) chloride, potassium hydride, 5-bromo-salicylic acid, ethylenediamine, iodosylbenzene (PhIO), 9,10-dihydroanthracene, and triphenylphosphine were purchased from Aldrich and used as received.
118.26 for CD 3 CN, δ 39.51 for (CD 3 ) 2 SO). Elemental analyses were carried out by the College of Chemistry Microanalytical Laboratory at the University of California, Berkeley. Infrared spectra were recorded on a Bruker Alpha P attenuated total reflectance instrument. UV-vis spectra were obtained on a Varian Cary 300 Bio or Varian Cary 50 BIO UV−visible spectrophotometer with a Unisoko cryostat attachment for stirring and temperature control in 1-cm air-free quartz cells. X-band electron paramagnetic resonance (EPR) spectra were obtained using a Bruker EMX spectrometer. X-band spectra were obtained at 77 K in a liquid nitrogen finger dewar using an ER 041 XG microwave bridge and an ER 4102ST cavity (parameters for recording the X-band EPR data: 9.63 GHz frequency, 1 mW microwave power, and 10 G modulation amplitude). X-band data were simulated using the Easy Spin program. Mass spectrometry measurements were performed at the QB3 Mass Spectrometry Facility at UC Berkeley using a quadrupole time-of-flight mass spectrometer (Q-TOF Premier, Waters, Milford, MA) that was equipped with an electrospray ionization (ESI) source. ESI source voltages were adjusted for optimum desolvation and transmission of ions of interest prior to recording mass spectra. Cyclic voltammograms were obtained with a BASi Epsilon potentiostat at room temperature using a glassy carbon working electrode (7 mm diameter), a platinum counter electrode, and a silver wire floating reference. All potentials were referenced against an [Cp 2 Fe] 0/+ internal standard in acetonitrile.
Preparation of ( Br HBA-Et)H 4 , N,N'-(ethane-1,2-diyl)bis(5-bromo-2-hydroxybenzamide). 5-Bromo-salicylic acid (5.4 g, 25 mmol) was combined with acetic anhydride (5 mL) and sulfuric acid (3 drops). The mixture was heated to 80 °C for 10 min. Water (100 mL) was added to the solid mass and the resulting solid was collected by filtration (5.6 g). The solid was dissolved in oxalyl chloride (6 mL) and DMF (2 drops) over 1 h. The volatile materials were removed in S2 vacuo and the resulting residue was triturated twice with dichloromethane to give a white solid.
The solid was dissolved in 100 mL of THF and the resulting solution was cooled to 0 °C. Ethylenediamine (0.72 mL, 11 mmol) was added dropwise and the resulting solution was stirred for 30 min. Triethylamine (4.5 mL, 32 mmol) in 100 mL of THF was added and the stirring was continued for 45 min at room temperature. The solution was filtered and the filtrate was evaporated to dryness and then washed with cold ethanol (0°C, 50 mL) to give a white solid. The solid from the last filtration was washed with 500 mL of water. The combined solids were dissolved in a solvent mixture of 200 mL water / 150 mL ethanol containing 1.5 g (37 mmol) of sodium hydroxide. The solution was refluxed for 30 min and then quenched with 3.5 mL of HCl (12.1 M). The resulting mixture was cooled to 0 °C and then filtered to give the product as a white solid (3.12 g, 55% (0.292 g, 0.640) , and 10 mL of THF were combined in a 20 mL vial, and the resulting reaction mixture was stirred for 16 h. CoCl 2 (0.083 g, 0.640 mmol) was then added and the dark green solution was stirred for 16 h. Tetra-n-butylammonium chloride (0.354 g, 1.27 mmol) was then added and the stirring was continued for 2 h. The orange precipitate was collected by filtration and extracted into 15 mL of acetonitrile. The extract was evaporated in vacuo to give an orange crystalline solid (0.371 g, 58%). Anal. Calcd for C 48 H 82 Br 2 CoN 4 O 4 : C, 57.77; H, 8.28; N, 5.61. Found: C, 57.17; H, 8.30; N, 5.28. IR (neat) ν/cm -1 : 2959 , 2931 , 2873 , S3 1577 , 1550 , 1489 , 1460 , 1406 , 1520 , 1326 , 1263 , 1228 , 1143 , 1110 Figure S1 shows the x-ray crystal structure with selected bond lengths. 2956, 2931, 2868, 1580, 1552, 1520, 1456, 1409, 1298, 1145, 1093, 882, 821, 740, 685, 630, 583, 538, 487, 464, 424 107 mmol) in a Schlenk tube was degassed with one freeze-pump-thaw cycle, and this solution was exposed to 1 atm of dry O 2 at room temperature. The reaction mixture was stirred for 2 h at room temperature to produce a dark brown solution. The volatile materials were removed in vacuo to afford a brown residue. The residue was dissolved in 3 mL of THF, and 3 mL of Et 2 O was added to yield a green oily residue and a purple solution. 1580, 1552, 1520, 1452, 1409, 1309, 1261, 1228, 1145, 1108, 1093, 1025, 882, 819, 739, 680, 648, 628, 535, 465, 440, 423 . UV-vis (MeCN) λ max /nm (ε/M -1 cm -1 ): 800 (1300), 217 (68,000). Iodosylbenzene (0.011 g, 0.050 mmol) was added, and the resulting reaction mixture was stirred S7 for 3 h. Diethyl ether (15 mL) was added to the solution and a green crystalline solid formed overnight. The mother liquor was decanted and the solid was dried in vacuo to yield 0.084 g (76%) of the product. Figure   S2 shows the full spectrum and inset shows the zoomed up region for [6] 2-. Figure S3 shows the simulated and experimental EPR spectrum. Figure S4 shows the simulated and experimental EPR spectrum. degassed by one freeze-pump-thaw cycle and dry O 2 was added to the vessel and the reaction mixture was maintained at room temperature for approximately 60 s, and then it was rapidly cooled to 77 K and an EPR spectrum was acquired. The solution was then degassed by one freeze-pump-thaw cycle, cooled to 77 K, and an EPR spectrum was acquired. Figure S5 shows the overlay of the two spectra. S12 Figure S5 . EPR spectra of the reaction mixture before O 2 addition, after O 2 addition, and after degassing. 
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X-ray Crystallography Details
X-ray diffraction data were collected using Bruker AXS three-circle diffractometers coupled to a CCD detector with either QUAZAR multilayer mirror-or graphite-monochromated Mo Kα radiation (λ = 0.71073 Å). The structures were solved by direct methods using SHELXS and refined against F 2 on all data by full-matrix least squares with SHELXL-97. All non-hydrogen atoms were refined anisotropically; hydrogen atoms were included into the model at their geometrically calculated positions and refined using a riding model. S14
